Introduction
============

Small cell lung cancer (SCLC) accounts for 13--20% of all types of lung cancer ([@b1-ol-0-0-11092],[@b2-ol-0-0-11092]). Due to its short tumor doubling time and invasiveness, the majority of patients present with extensive-stage (ES) disease at the time of diagnosis. The prognosis of patients with ES-SCLC is poor, with a 2-year survival rate \<5% ([@b1-ol-0-0-11092]). Although \~70% of patients respond to treatment with etoposide combined with cisplatin, a combination that is considered to be the cornerstone of chemotherapy for ES-SCLC ([@b3-ol-0-0-11092],[@b4-ol-0-0-11092]), the median survival rate remains poor, at only 7--11 months ([@b5-ol-0-0-11092]). Notably, studies that have focused on molecular-targeted drugs or more intensive chemotherapy strategies did not adequately improve the survival ([@b6-ol-0-0-11092],[@b7-ol-0-0-11092]).

Radiation therapy (RT) plays an important role in the management of SCLC in both the curative and palliative setting ([@b8-ol-0-0-11092]). Thoracic RT (TRT) may be a treatment option for patients with ES-SCLC. Jeremic *et al* ([@b9-ol-0-0-11092]) demonstrated that the addition of TRT to ES-SCLC treatment led to improved survival compared with patients who underwent chemotherapy alone ([@b9-ol-0-0-11092]). Since then, a number of studies have focused on the role of TRT for patients with ES-SCLC, and suggested that TRT could improve the prognosis of these patients ([@b10-ol-0-0-11092]--[@b12-ol-0-0-11092]). Recently, the results of the Chest Radiotherapy Extensive-Stage Small Cell Lung Cancer Trial study demonstrated that TRT could improve progression-free survival and 2-year overall survival (OS) ([@b13-ol-0-0-11092]). It also indicated that TRT should be considered for all patients with ES-SCLC who respond to chemotherapy. However, to the best of our knowledge, there is currently little relevant research examining the prognosis of patients who receive RT.

In addition to intrathoracic metastasis, the probability of extrathoracic metastasis of SCLC is also very high. Approximately two-thirds of patients with SCLC develop metastatic diseases, most commonly in the liver, brain and bone. These patients exhibit poor prognosis, with an average survival time of \<10 months ([@b14-ol-0-0-11092]). As reported, 10% of patients with SCLC possessed brain metastases when initially diagnosed ([@b2-ol-0-0-11092]) and 17.5--20.3% of patients with SCLC developed liver metastasis ([@b15-ol-0-0-11092],[@b16-ol-0-0-11092]). Nakazawa *et al* ([@b17-ol-0-0-11092]) also demonstrated that among patients with distant metastasis, 20.3, 18.3, 15.5 and 10.0% had liver, bone, brain and lung metastasis, respectively. The current treatment method for ES-SCLC with distant metastasis is primarily chemotherapy ([@b18-ol-0-0-11092]). Worse still, further treatment had a limited effect with a very low response rate to the second-line chemotherapy; therefore, patients usually succumbed to uncontrolled tumor growth ([@b19-ol-0-0-11092],[@b20-ol-0-0-11092]). Previous studies have demonstrated that whole liver RT, external beam RT and whole brain RT in patients with distant metastasis played roles in relieving symptoms. Shamp *et al* ([@b21-ol-0-0-11092]) revealed that any patients with external beam radiation could improve OS in those with ES-SCLC. RT may become an effective treatment for patients with ES-SCLC with distant metastasis. However, no clinical studies are currently available with respect to the effect of RT for these patients.

The present study assessed whether RT could improve the survival of patients with ES-SCLC with distant metastasis. RT was defined as RT to a local site regardless of location treatment of ES-SCLC with distant metastasis.

Patients and methods
====================

### Data source

The SEER Cancer Statistics Review (<http://seer.cancer.gov/data/citation.html>) is published annually by the Data Analysis and Interpretation Branch of the National Cancer Institute ([@b22-ol-0-0-11092]). The SEER\*Stat software (SEER\*Stat 8.3.4) was used to identify appropriate patients to be included in the present study. Using this software, and according to the American Joint Committee on Cancer (AJCC) seventh edition Tumor-Node-Metastasis (TNM) stage ([@b23-ol-0-0-11092]), the present study screened patients that had been diagnosed with ES-SCLC between 2010 and 2013. The inclusion criteria for the included patients were: i) Their ES-SCLC diagnosis was confirmed microscopically; ii) the reported age was accurate; iii) patients attended follow-up appointments; iv) had only one primary tumor; v) were AJCC stage M1 and vi) the exact location of metastasis was known. Due to the SEER database limitations, patient data on when metastasis was diagnosed and whether patients received other treatments for the local disease or metastasis, such as chemotherapy, was unknown. Other information regarding the functional ability of patients \[e.g., Eastern Cooperative Oncology Group (ECOG) scores\] or comorbidities was not recorded. Patients with benign or borderline tumors, those lacking information on age, metastasis information, RT information, cause of death and survival time were excluded. In addition, if it was not clear whether metastasis occurred in the lung, bone, liver or brain, or if metastasis occurred in a different site, the patients were also excluded.

### Ethics statement

The present study was performed in compliance with the Declaration of Helsinki. Permission was obtained to access the SEER program research data. Informed consent was not required as personal identifying information was not included. The present study was approved by the Ethics Committee of the Shandong Cancer Hospital and Institute, Shandong First Medical University and Shandong Academy of Medical Sciences. (Jinan, China).

### Statistical analysis

The following variables were analyzed for all patients: Age, ethnicity, sex, AJCC T, AJCC N, bone metastasis, brain metastasis, lung metastasis and liver metastasis. Cancer-specific survival (CSS) was regarded as the primary endpoint of the present study. 'Prognosis factor' refers to all factors affecting the outcome of SCLC in the present study. The χ^2^ test was used to compare the patient baseline characteristics. Kaplan-Meier analysis was used to generate the survival curves and the log-rank test was applied to analyze the differences. Finally, univariate and multivariate Cox proportional hazard regression models were used to evaluate the association between different variables and CSS in patients with ES-SCLC exhibiting distant metastasis. Based on the multivariate analysis, a forest plot was created to analyze the subgroups. In the present study, 'metastasis number' was defined as the number of metastatic sites involved regardless of the number of metastatic lesions within each organ. All statistical tests were two-sided, and P\<0.05 was considered to indicate a statistically significant difference. SPSS software (version 18.0; SPSS, Inc.) and the R statistical package (version 3.1.1; Project for Statistical Computing) were used for the data analysis.

Results
=======

### Patient characteristics

A total of 8,595 patients with ES-SCLC who met the inclusion criteria and were treated between 2010 and 2013, were taken from the SEER database for analysis. In total, 39.5% of patients received RT. In addition, the majority of patients were diagnosed with SCLC at \>49 years of age (95.8%) and were white (87.2%). As presented in [Table I](#tI-ol-0-0-11092){ref-type="table"}, 35.6% of the patients had stage T4 disease and 54.9% had stage N2, according to the AJCC staging system. A significant difference was observed in variables including age, ethnicity, AJCC T stage, AJCC N stage, brain metastasis, lung metastasis and liver metastasis (all P\<0.05). However, this difference was not observed among certain other variables, including sex (P=0.710) and bone metastasis (P=0.258). Compared with the RT group, there was a lower number of patients that had brain metastasis who did not receive RT (13.5% vs. 54.2%; P\<0.001), and a greater number of patients that had liver metastasis (68.1% vs. 39.6%; P\<0.001) and lung metastasis (27.0% vs. 21.7%; P\<0.001).

### Survival outcome analysis

Kaplan-Meier analysis was used to analyze patient survival rate. The results revealed that patients treated with RT had better outcomes with significantly improved overall survival and CSS rates (P\<0.001) compared with those who did not receive RT ([Fig. 1A-B](#f1-ol-0-0-11092){ref-type="fig"}). Univariate and multivariate Cox proportional hazard regression models were used to assess the prognostic value of baseline characteristics in the present study. The results, presented in [Table II](#tII-ol-0-0-11092){ref-type="table"}, revealed that RT was an independent prognostic factor affecting patient CSS \[hazard ratio (HR), 1.591; 95% confidence interval (CI), 1.513--1.672; P\<0.001). In addition, other variables including age, ethnicity, sex, AJCC T stage, AJCC N stage and metastatic number also affected the CSS of patients with ES-SCLC (all P\<0.05).

### Subgroup analysis regarding the effect of the number of metastatic sites on CSS

The subgroup from the multivariate analysis was then used for the forest plot, and variables including age, ethnicity, sex, AJCC stage T, AJCC stage N and metastasis number were analyzed ([Fig. 2](#f2-ol-0-0-11092){ref-type="fig"}). The forest plots revealed that all subgroups favored RT. A metastasis number of one was a significant prognosis factor for patients with ES-SCLC receiving RT (HR, 0.63; 95% CI, 0.59--0.68; P\<0.001). It also revealed that a metastasis number \>1 had an impact on RT (HR, 0.90; 95% CI, 0.82--0.98; P=0.021). According to the P-values, patients with one metastatic site benefited more from radiotherapy compared with those with multiple metastatic sites. Overall, the results of the forest plot demonstrated that all subgroups, except age ≤49 subgroup (HR, 0.80; 95% CI, 0.61--1.06; P=0.113) were in favor of RT.

### Survival outcome analysis of patients with only one metastasis site

Kaplan-Meier analysis was used to evaluate the survival of patients with only bone, brain, liver or lung metastasis. The results revealed that RT could improve CSS in all patients with only one metastasis site regardless of metastatic pattern (bone metastasis, brain, liver and lung metastasis, all P\<0.001 ([Fig. 3A-D](#f3-ol-0-0-11092){ref-type="fig"}).

### Survival outcomes analysis of patients with more than one metastasis site

Further analysis of patients with more than one metastatic site was performed. Kaplan-Meier analysis was used to analyze survival. For patients with two metastatic sites, RT did not improve CSS: Bone + brain metastasis, P=0.647 ([Fig. 4A](#f4-ol-0-0-11092){ref-type="fig"}); bone + liver metastasis, P=0.227 ([Fig. 4B](#f4-ol-0-0-11092){ref-type="fig"}); brain + liver metastasis, P=0.242 ([Fig. 4C](#f4-ol-0-0-11092){ref-type="fig"}); bone + lung metastasis, P=0.334 ([Fig. 4D](#f4-ol-0-0-11092){ref-type="fig"}); brain + lung metastasis, P=0.075 ([Fig. 4E](#f4-ol-0-0-11092){ref-type="fig"}); liver + lung metastasis, P=0.239 ([Fig. 4F](#f4-ol-0-0-11092){ref-type="fig"}). Additionally, patients with three metastatic sites were analyzed, and it was revealed that RT did not improve CSS: Bone + brain + liver metastasis, P=0.095 ([Fig. S1A](#SD1-ol-0-0-11092){ref-type="supplementary-material"}); brain + liver + lung metastasis, P=0.217 ([Fig. S1D](#SD1-ol-0-0-11092){ref-type="supplementary-material"}); but not in patients with bone + brain + lung metastasis, P=0.001 ([Fig. S1B](#SD1-ol-0-0-11092){ref-type="supplementary-material"}) and bone + liver + lung metastasis, P=0.042 ([Fig. 1SC](#SD1-ol-0-0-11092){ref-type="supplementary-material"}).

Discussion
==========

RT has been demonstrated as an effective treatment method for SCLC ([@b24-ol-0-0-11092],[@b25-ol-0-0-11092]). An increasing amount of evidence has been presented that supports the application of TRT in ES-SCLC. The 5-year OS rate for complete responders has been improved from 3.7 to 9.1% by TRT, and the local recurrence rate was also significantly decreased, as reported by Jeremic *et al* in ([@b9-ol-0-0-11092]). Slotman *et al* ([@b13-ol-0-0-11092]) investigated the role of TRT in addition to PCI for patients with ES-SCLC who responded to chemotherapy. Although failure was observed in survival at 1 year (33% vs. 28%), 2-year overall survival (13% vs. 3%) was significantly improved. However, the extent to which the TRT survival improvement was different from that reported by Slotman *et al* ([@b13-ol-0-0-11092]) may be attributable to population diversity. This population was not exclusive of the patients with brain metastasis, but also in all those who received PCI. In the present study, 29.6% of patients presented with brain metastasis, which was a significant negative predictor of survival.

In SCLC, 17.5--20.3% of patients developed liver metastasis, with a median survival time of 3 months ([@b26-ol-0-0-11092]). Tas *et al* ([@b27-ol-0-0-11092]) reported that the incidence of liver metastasis in patients with lung cancer was 37--51% on autopsy. Current use in symptomatic patients of whole liver RT may offer only symptomatic relief, and has long been abandoned as an anti-cancer therapy ([@b28-ol-0-0-11092]). Soliman *et al* ([@b29-ol-0-0-11092]) demonstrated that single fraction of external beam RT directed to the whole liver for patients experiencing painful liver metastasis could achieve meaningful symptom relief and improved quality of life in the majority of patients. Consistently, in the present study, patients with RT had better outcomes with significantly improved CSS compared with the patients receiving non-RT. Furthermore, the impact that the RT side effects have on the quality of life of these patients should also be considered. In addition, lung cancer has been demonstrated to cause bone metastasis (BM) in 40--80% of patients ([@b30-ol-0-0-11092]). At present, the primary goals for the treatment of BM are pain relief, preservation of mobility and function, prevention of future complications, and optimized quality of life. Notably, RT could improve CSS in patients with ES-SCLC with only BM. This result may guide clinicians to treat the patients correctly, and may exhibit important clinical significance.

Remarkably, \~60% of patients with SCLC develop brain metastasis. The prognosis of brain metastasis is particularly poor, with a median survival time of \<1 year. The local control rate of brain metastasis by whole brain RT alone is \~50%, and the 1-year survival rate is only 10--20% ([@b31-ol-0-0-11092],[@b32-ol-0-0-11092]). Similarly, in the present study, the results of the data analysis also demonstrated that RT could improve CSS in patients with ES-SCLC with only brain metastasis.

Until recently, there was little relevant research regarding the impact of RT on the survival of patients with ES-SCLC that exhibited distant metastasis. The present study investigated the prognosis of patients who received RT based on their distant metastasis pattern. The results indicated that patients with only one distant metastatic site, including bone, brain, liver and lung, could improve the CSS with administration of RT, while the patients with ES-SCLC with more than one metastasis site may not benefit from RT regardless of the metastasis pattern, except those patients with bone + brain + lung metastasis, bone + liver + lung metastasis, which may be due to the minimal sample size. The survival curves of patients with bone + liver + lung metastasis demonstrated a slight difference. Although this result was statistically significant, it had no clinical significance due to the low sample size. The forest plot revealed that the number of metastatic lesions was a significant prognostic factor for patients with ES-SCLC receiving RT with one or multiple metastatic sites.

The reasons that more than one metastasis number exhibited statistical significance may be as follows: One plausible explanation was that in patients with three metastatic sites, despite the statistical significance, the overall statistical value was affected by the minimal sample size. The results were statistically significant, but there was no clinical significance. Another possible explanation may be that, for the patients with more than one distant metastasis, RT only played a role in relieving symptoms, but could not improve prognosis. In addition, intrathoracic tumor progression may play a major role in the mortality of patients with ES-SCLC with only one metastasis. When two or more organs are involved, progression of extrathoracic sites may lead to greater damage to the body than the intra-thoracic site, and the overall mortality is not decreased by the RT.

This present study had several limitations that should be noted. First, the results may be weakened due to information that was not available, including details on when the RT was delivered and other systemic treatments given to the patients. It was not possible to obtain the information regarding treatment history with cytotoxic drugs, the response to treatment and general conditions, such as performance status, which are essential for the analysis of patient survival. As combined PCI or TRT are not recorded in the SEER database, the impact of aggressive multimodality approach to treatment on survival could also not be analyzed. In addition, the volume of the metastasis site, which reflects disease burden, is not recorded in the database and so no analysis using this variable was possible. Similarly, patient information regarding intrathoracic RT was unavailable. Finally, due to the constraints of the SEER database, it was not possible to obtain certain specific information, including other treatments, functional ability of patients or ECOG scores. In addition, it would have been ideal to measure overall survival; however, due to the limitations of the database, it was not possible to obtain the exact survival time. These variables should be investigated in future studies. The limitation of not having this information in the analysis of patient survival in detail had some impacts on the conclusion of the present study, and therefore, the conclusions drawn may be not reliable without this information. Another limitation may be that the median survival time for patients with and without RT for each of the metastatic patterns was not calculated in the present study. Further prospective studies to determine whether RT can improve the prognosis for the patients with ES-SCLC with only one metastasis site are necessary.

The results of the present study indicated that RT significantly improved CSS in patients with only one metastasis site, including bone, brain, liver and lung. However, for patients with two or more metastasis sites, RT did not improve CSS regardless of metastasis pattern.
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###### 

Patient characteristics of ES-SCLC with distant metastasis from the SEER Database.

  Characteristics    Total (%)      Radiotherapy (%)   No radiotherapy (%)   P-value
  ------------------ -------------- ------------------ --------------------- ---------
  Total              8,595 (100)    3,397 (39.5)       5,198 (60.5)          
  Age, years                                                                 \<0.001
    ≤49              360 (4.2)      202 (5.9)          158 (3.0)             
    50--64           3,248 (37.8)   1,486 (43.7)       1,762 (33.9)          
    ≥65              4,987 (58.0)   1,709 (50.3)       3,278 (63.1)          
  Ethnicity                                                                  0.004
    White            7,495 (87.2)   2,912 (85.7)       4,583 (88.2)          
    Black            767 (8.9)      337 (9.9)          430 (8.3)             
    Other            333 (3.9)      148 (4.4)          185 (3.6)             
  Sex                                                                        0.710
    Male             4,614 (53.7)   1,832 (53.9)       2,782 (53.5)          
    Female           3,981 (46.3)   1,565 (46.1)       2,416 (46.5)          
  AJCC T stage                                                               \<0.001
    T1               755 (8.8)      331 (9.7)          424 (8.2)             
    T2               1,809 (21.0)   699 (20.6)         1,110 (21.4)          
    T3               1,644 (19.1)   666 (19.6)         978 (18.8)            
    T4               3,062 (35.6)   1,314 (38.7)       1,748 (33.6)          
    Tx               1,325 (15.4)   387 (11.4)         938 (18.0)            
  AJCC N stage                                                               0.002
    N0               1,006 (11.7)   397 (11.7)         609 (11.7)            
    N1               576 (6.7)      247 (7.3)          329 (6.3)             
    N2               4,720 (54.9)   1,840 (54.2)       2,880 (55.4)          
    N3               1,863 (21.7)   775 (22.8)         1,088 (20.9)          
    Nx               430 (5.0)      138 (4.1)          292 (5.6)             
  Bone metastasis                                                            0.258
    Yes              3,577 (41.6)   1,439 (42.4)       2,138 (41.1)          
    No               5,018 (58.4)   1,958 (57.6)       3,060 (58.9)          
  Brain metastasis                                                           \<0.001
    Yes              2,542 (29.6)   1,842 (54.2)       700 (13.5)            
    No               6,053 (70.4)   1,555 (45.8)       4,498 (86.5)          
  Lung metastasis                                                            \<0.001
    Yes              2,137 (24.9)   736 (21.7)         1,401 (27.0)          
    No               6,458 (75.1)   2,661 (78.3)       3,797 (73.0)          
  Liver metastasis                                                           \<0.001
    Yes              4,884 (56.8)   1,346 (39.6)       3538 (68.1)           
    No               3,711 (43.2)   2,051 (60.4)       1,660 (31.9)          

ES-SCLC, extensive stage small cell lung cancer; SEER, Surveillance Epidemiology and End Results; AJCC, American Joint Committee on Cancer; T, Tumor; N, Node.

###### 

Influence of different variables on cancer specific survival for patients with ES-SCLC analyzed by Cox proportional hazard model.

                       Univariate analysis   Multivariate analysis                              
  -------------------- --------------------- ----------------------- ----------- -------------- ---------
  Age, years           152.30                \<0.001                                            \<0.001
    ≤49                                                              Reference                  
    50--64                                                           1.093       0.966--1.236   0.158
    ≥65                                                              1.378       1.220--1.555   \<0.001
  Ethnicity            12.70                 0.002                                              0.006
    White                                                            Reference                  
    Black                                                            0.954       0.877--1.038   0.274
    Others                                                           0.814       0.714--0.928   0.002
  Sex                  27.70                 \<0.001                                            \<0.001
    Male                                                             Reference                  
    Female                                                           0.890       0.849--0.934   \<0.001
  AJCC T stage         27.96                 \<0.001                                            0.008
    T1                                                               Reference                  
    T2                                                               1.142       1.037--1.258   0.007
    T3                                                               1.147       1.040--1.266   0.006
    T4                                                               1.150       1.050--1.260   0.003
  AJCC N stage         27.12                 \<0.001                                            0.003
    N0                                                               Reference                  
    N1                                                               0.953       0.848--1.071   0.417
    N2                                                               1.059       0.981--1.144   0.143
    N3                                                               0.973       0.891--1.062   0.533
  Metastatic lesions   78.73                 \<0.001                                            \<0.001
    1                                                                Reference                  
    \>1                                                              1.237       1.178--1.299   \<0.001
  Radiotherapy         452.61                \<0.001                                            \<0.001
    Yes                                                              Reference                  
    No                                                               1.591       1.513--1.672   \<0.001

ES-SCLC, extensive stage small cell lung cancer; HR, hazard ratio, CI, confidence interval; AJCC, American Joint Committee on Cancer; T, Tumor; N, Node.
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